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INTRODUCTION 


/ 

' — “/  This  paper  presents  a short  discussion  of  the  design  of  blast  hardened 
containment  rooms  within  a new  facility  being  developed  to  perform  demilita- 
rization of  obsolete  chemical  munitions.  This  facility  will  perform  the  de- 
militarization operations  required  on  a production  basis  and  will  conform  to 
all  required  safety  and  environmental  regulations.  The  hazard  potential  asso- 
ciated with  chemical  munitions  dictates  that  process  operations  related  to 
removing  explosive  components  must  provide  complete  containment  of  blast 
pressures  and  fragmentation  and  near  total  containment  of  quasi-static  gas 
pressure.  Widely  used  hardened  structures  design  procedures  were  the  foun- 
dation of  this  effort.  However,  the  unique  nature  of  chemical  munitions  dic- 
tated development  of  additional  test  data  and  prediction  methods  to  properly 
define  the  blast  and  fragment  loadings.  

Additional  design  considerations,  which  develop  as  a result  of  full  con- 
tainment, are  also  discussed.  The  concept  of  "full  containment"  itself  has  a 
different  context  when  discussing  blast  and  fragments  as  opposed  to  confine- 
ment of  toxic  gas  products. 

The  facility  being  discussed  is  the  Johnston  Atoll  Chemical  Agent  Dis- 
posal System  (JACADS).  This  facility  is  under  design  and  will  be  sited  on 
Johnston  Atoll  where  an  existing  stockpile  of  chemical  munitions  earmarked  for 
disposal  is  located.  This  is  the  first  of  several  new  disposal  plants  planned 
for  construction  over  the  next  several  years.  Management  responsibility  for 
the  chemical  demilitarization  program  rests  with  the  U.S.  Army  Toxic  and 
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Hazardous  Materials  Agency  (USATHAMA)  located  at  Aberdeen  Proving  Ground,  MD. 
The  Huntsville  Division  (HND)  of  the  U.S.  Army  Corps  of  Engineers  is  acting 
as  the  contracting  authority  for  the  design  of  the  JACADS  process  and  main 
process  facility.  The  process  design  is  being  performed  by  the  Ralph  M. 
Parsons  Company  under  contract  to  HND.  The  facilty  design  is  being  performed 
concurrently  with  the  process  by  Stearns-Catalytic.  Technical  review  of  these 
design  efforts  is  being  performed  by  USATHAMA  and  HND  engineering  staff.  Spe- 
cialized consultants  are  also  used  where  necessary.  Among  these.  Southwest 
Research  Institute  has  provided  major  support  in  the  area  of  blast  and  frag- 
ment analysis. 

FUNCTIONAL  DESCRIPTION 

The  JACADS  Facility  houses  a production  process  which  will  accept  several 
types  of  chemical  munitions  and  perform  the  necessary  operations  to  safely 
separate  explosive  components  and  liquid  agent  from  the  munitions  and  then  in- 
cinerate the  explosives  and  agent  and  thermally  decontaminate  the  metal  parts. 
All  process  operations  are  conducted  in  a single  building.  Figure  1 shows  the 
JACADS  facility  site,  including  the  layout  of  the  various  equipment  and  other 
facilities  required  to  support  the  main  process  building,  the  Munitions  De- 
militarization Building  (MDB).  Within  the  MDB  the  ventilation  system  is 
designed  to  provide  increasing  levels  of  negative  pressure  from  non-hazardous 
areas  towards  hazardous  areas.  This  prevents  leakage  of  toxic  vapors  from 
hazardous  areas  to  other  areas.  Those  munitions  with  explosive  components  are 
placed  in  two  functionally  identical  explosive  containment  rooms  (ECRs)  on  the 


second  floor  of  the  building.  The  explosive  components  are  removed  by  automa- 
tic equipment  and  then  gravity  fed  to  an  incinerator  on  the  first  floor. 

Figure  2 shows  the  MDB  second  floor  ECRs,  and  Figure  3 shows  the  first  floor 
with  the  Deactivation  Furnace  System  (DF3)  below. 

The  hazardous  nature  of  the  explosive  removal  operations  required  Cate- 
gory 1 blast  and  fragment  protection  for  the  remainder  of  the  building.  This 
required  the  two  ECRs  to  provide  total  containment.  It  was  also  necessary 
that  the  two  rooms  provide  a high  degree  of  vapor  containment  after  an  explo- 
sive incident.  The  high  production  rates  required  of  the  facility  generated 
several  operational  requirements  which  influenced  containment  room  design. 
These  are  listed  in  Figure  4.  The  influence  of  each  of  these  requirements  on 
the  design  of  the  blast  containment  rooms  is  discussed. 

TOTAL  CONTAINMENT  OF  BLAST  AND  FRAGMENT  EFFECTS 

The  required  operational  configuration  of  the  ECRs  and  the  remote 
construction  site  dictated  reinforced  concrete  as  the  most  cost  effective 
construction  material.  Well  proven  methods  are  available  for  designing  blast 
resistant,  reinforced  concrete  structures  (Ref.  1),  given  the  expected  blast 
and  fragment  environment.  Because  chemical  munitions  are  designed  to  function 
differently  than  the  more  typically  encountered  fragmenting  rounds,  it  became 
necessary  to  develop  additional  blast  and  fragment  data  to  predict  loads. 
Figure  5 summarizes  this  effort.  The  results  of  these  sources  (Ref.  2 and  3) 
were  the  basis  of  the  blast  pressures  and  fragments  used  in  the  design.  It  is 
significant  to  note  that  fragmentation  of  the  chemical  munitions  considered 
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resulted  in  more  severe 'fragment  shapes  and  depths  of  penetration  than  would 
have  been  calculated  using  Reference  1. 


CONTAINMENT  OF  GAS  PRESSURE 


The  highly  toxic  nature  of  the  chemical  agents  in  the  munitions  dictated 
that  the  ECRs  provide  a high  degree  of  containment  of  the  post-accident  gas 
products.  This  near  total  containment  of  high  temperature  contaminated  gas 
must  be  maintained  until  the  heat  is  conducted  away  by  the  structure.  As  the 
gas  cools,  the  temperature  and  pressure  will  drop  and  eventually  reach  a level 
where  it  can  be  safely  processed  through  the  building  ventilation  system. 

Figure  6 shows  a teraperature/pressure  decay  curve  for  the  ECRs  after  a typical 
accident  scenario.  No  concrete  structure  can  be  expected  to  be  completely  gas 
tight  unless  a liner  plate  is  provided.  The  cost  of  a liner  plate  is  signifi- 
cant, and  the  risk  of  agent  contamination  behind  the  liner  was  undesirable. 

An  alternate  course  of  action  was  to  use  an  unlined  concrete  structure  that 
was  contained  within  an  outer  negative  pressure  ventilation  area  which  was 
capable  of  handling  any  small  leakage  through  the  ECR  structure.  This  concept 
is  shown  In  Figure  7 and  was  chosen  as  the  basis  of  design.  Results  of  explo- 
sive model  testing  (Ref.  4)  for  a similar  concrete  containment  structure  was 
used  to  predict  outgassing  through  the  concrete  after  an  incident.  Leakage 
through  the  structure  is  a direct  function  of  the  internal  pressure  after 
an  event.  As  the  confined  gas  cools,  pressure  decays  fairly  rapidly;  and  the 
leakage  rate  decreases  proportionately.  Figure  8 shows  graphically  the  com- 
parison of  pressure  drop  due  to  leakage  relative  to  pressure  drop  from  cooling. 
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sis  has  shown  that  total  leakage  is  only  a small  percentage  of  the  allow- 
leak  rate  in  the  surrounding  areas. 
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VENTILATION  SYSTEM  BLAST  PROTECTION 


Process  operations  in  the  ECR  can  result  in  the  introduction  of  agent 
vapor  into  the  room.  To  minimize  this  hazard  a high  ventilation  rate  is  main- 
tained continuously  during  process  operations.  In  the  event  of  an  explosive 
incident,  the  supply  and  exhaust  ducts  must  be  quickly  isolated  from  the  ECR 
to  prevent  serious  damage  and  personnel  risk  to  the  remainder  of  the  building. 
To  accomplish  this  each  duct  has  a fast-acting  blast  valve  in  series  with  a 
gas-tight  valve  which  is  tied  into  the  process  control  system.  Figure  9 shows 
the  blast  protection  for  the  ECRs.  The  blast  valves  protect  the  ventilation 
system  from  shock  pressures  and  the  controllable  gas-tight  valves  provide 
positive  isolation  capability  for  other  situations.  It  is  interesting  to  note 
that,  even  though  fast-acting  blast  valves  are  used,  an  attenuated  shock  will 
pass  the  valve  and  enter  the  ventilation  system.  The  peak  value  of  the  shock 
is  a function  of  losses  through  the  valve  and  the  duration  depends  on  the 
valve  closure  time.  For  the  ECR  design,  peak  shocks  at  the  valve  inlet  were 
derived  from  scale  model  test  data.  Shock  intensity  after  the  valves  are 
obtained  from  the  valve  manufacturer’s  test  data.  Figure  10  shows  the  typical 
ECR  shock  pulse  upstream  and  downstream  of  the  valves.  This  "leakage"  shock 
was  then  traced  through  the  ventilation  system  to  assure  no  risks  to  the  sys- 
tem or  personnel  occurred. 


BLAST  RESISTANT  PENETRATIONS 


All  doors,  conveyor  gates  and  drop  chutes  in  the  ECRs  must  provide  blast 
and  fragment  resistance,  be  operationally  reliable  and  be  as  air  tight  as 
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Available  data  on  the  proposed  wall  coatings  was  not  sufficient  to  assure 
its  combustion  characteristics  when  exposed  to  a fireball,  as  would  occur  dur- 
ing an  accidental  incident.  A test  program  (Ref.  5)  was  therefore  conducted 
to  evaluate  the  three  coatings  which  were  acceptable  from  the  standpoint  of 
ig >nt  resistance.  Results  proved  that  these  particular  materials  did  not  pose 
a risk  with  regard  to  combustion  pr'isures.  It  is  interesting  to  note  that 
this  issue  is  normally  not  even  considered  in  a vented  structure. 


STRUCTURE  REUSABILITY 


In  the  event  that  an  explosive  incident  occurred  during  normal  operations, 
u is  desirable  to  limit  damage  to  minor  refurbishment  efforts  so  that  the  ECR 
can  be  brought  into  service  quickly.  To  achieve  this,  structural  damage  cri- 
teria was  defined  as  shown  in  Figure  13.  These  criteria  ere  much  more  re- 
strictive than  values  normally  used  in  hardened  structure  design.  This 
assures  a higher  degree  of  containment.  Inelastic  deformation  is  very  useful 
and  desirable  when  a transient  load  is  to  be  resisted.  In  the  case  of  a con- 
tainment structure,  this  condition  exists  during,  the  shock  phase  of  the  load- 
ing and  up  to  the  time  of  maximum  response  of  the  structural  element.  However 
once  this  transient  load  has  passed,  the  remaining  quasi-static  load  is  basi- 
cally steady-state.  During  this  phase,  the  maximum  design  deformation  must  be 
within  the  elastic  limit  of  the  element.  Similar  logic  applies  to  the  use  of 
Dynamic  Increase  Factors  (DIF)  which  increase  material  allowables  based  on 
rate  of  strain  during  loading.  Use  of  a DIF  during  the  quasi-static  phase  is 
not  appropriate. 
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SUMMARY 


'•i 


Design  of  concrete  structures  for  full  containment  applications  is 
generally  similar  to  design  of  other  hardened  structures,  such  as  vented 
cubicles.  Several  additional  factors  can  be  present  which  must  be  considered 
to  assure  a complete  evaluation  of  the  loading  o A the  structure  response. 

Several  recent  model  tests  (Ref.  4,  5 & 6)  have  supported  the  design  philos- 

/ 

ophies  applied  to  these  containment  rooms. 
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DURING  QUASI-STATIC  PRESSURE  T>Tm  ELEMENTS 
MUST  REMAIN  WITHIN  THE  ELASTIC  LIMIT 
DYNAMIC  INCREASE  FACTORS  NOT  VALID. 


